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SUMMARY

This study is the eleventh in a series of investigations, beginning 

in 1967, dealing with the estimation of earthquake damage to various 

types of buildings. A methodology is developed in this report for 

determining inventory and estimating losses resulting from various 

postulated earthquakes occurring individually and for various ensembles 

of earthquakes. Five broad classes of buildings are considered. The 

building classes studied cover most of the building types in the San 

Francisco Bay area with the exception of one to four family dwellings, 

lifeline facilities, and special types of structures such as oil 

refineries and storage facilities, military installations, and bridges. 

One to four family dwellings were considered in an earlier report 

(Rinehart and others, 1976). This methodology, based on the seismic 

record, ground shaking, construction practice, and building inventory in 

the San Francisco Bay area can be adapted with appropriate adjustments 

for use in obtaining rough estimates of probable earthquake losses in 

other areas of the country.

Adaptation of the methodology developed for the San Francisco Bay 

area to other areas of the country will require careful attention to 

differences in design and construction practice, loss-ground shaking 

relationships, and inventory methods. The most difficult problem in 

transferring this methodology to other areas of the country will be in 

obtaining suitable building inventories. The building inventory method 

developed here depends on land-use classification in the San Francisco



Bay area. Extension of the methodology to other areas of the country 

will depend upon the extent to which local land-use classification 

schemes can be incorporated into the methodology.

Losses are expressed in terms of the average percentage of the 

total actual cash value required to fully repair, in kind, any building 

of a particular building class. Dollar losses may be obtained by esti 

mating the total cash value of buildings in each building class. If 

building replacement costs are estimated and dollar losses obtained, the 

results may be combined with dollar losses estimated for one to four 

family dwellings in a previous report to obtain dollar loss estimates 

covering nearly all building types in the San Francisco Bay area 

(excluding lifeline structures, bridges, oil refineries, and other 

special purpose structures).

We hope that this report will prove of interest to those involved 

in disaster policy formulation, earthquake insurance, engineering 

design, building codes, disaster preparedness planning, and disaster 

assistance.

The following are specific results and conclusions that are con 

sidered particularly significant:

1. The study has developed a better understanding of the structure of 

the annual loss pattern (as reflected in 10-yr moving averages).

2. Annual losses computed using different segments of the historical 

earthquake record gave rates that varied greatly. In general, 

average annual loss estimates based on the seismicity during the 

period 1800-1899 (100 yrs) were the highest; whereas, the average



annual losses based on the period 1907-1974 (68 yrs) were the 

lowest. This reflects the lower seismicity of the San Francisco 

Bay area since 1906.

3. Average annual losses based on a simulated 1,000-yr seismicity in

the study area appear to present the most useful values for average 

losses in the area.

4. There were significant variations in average losses among building 

classes as well as among subclasses. For example, average losses 

obtained using a 1,000-yr simulated seismicity record for building 

subclasses within Class Ill-Steel frame buildings, ranged from 0.22 

to 0.78 percent per yr. Annual losses for all building classes 

considered ranged from 0.12 to 0.15 percent per yr (Class II-A11- 

metal buildings) to 1.44 percent per yr (Class V-E-Unreinforced 

solid unit masonry of unreinforced brick, unreinforced concrete 

brick, unreinforced stone, or unreinforced concrete, where the 

loads are carried in whole or in part by the walls and partitions). 

The large differences in average annual losses among different 

building classes (the largest ratio was 12:1) have important 

implications for earthquake preparedness and hazard mitigation 

programs.

5. Annual losses based on a moving 10-yr average show wide variation 

and have little predictive value because of the erratic time and 

spatial occurrence of earthquakes.

6. Percent losses to building classes considered are generally sub 

stantially higher than for single family dwellings investigated in 

earlier reports.



7. The study has developed a building classification and inventory 

technique that: (a) provides a reasonable method of determining 

the distribution and type of buildings in an area, and (b) can be 

applied throughout the country.

8. Methods for the determination of the distribution of ground shaking 

associated with earthquakes have been considerably refined over the 

methods used in earlier studies. Corrections for site geology have 

also been included.

9. The techniques developed and the results obtained in this study

could be extended and applied in a number of ways to public policy 

decisions and program planning. For example, examination of the 

percent loss-M.M. intensity curves in this report clearly shows the 

classes of structures most likely to sustain heavy damage in earth 

quakes. Users with local knowledge of the spatial distribution of 

construction types can easily make preliminary judgments of the 

probable damage pattern in a destructive earthquake. In addition, 

users who are familiar with differences among design and construction 

practices in the San Francisco Bay area and some other area and who 

have some familiarity with the characteristics of earthquake 

damage, can perhaps, modify the loss-ground shaking curves to 

better approximate conditions in their area of interest. Thus, 

estimates of probable losses can be made by careful adaption and 

extension of the methods developed in this report.



10. As already stated, the building inventory technique presented in 

this report has general applicability but it is dependent on a 

thorough understanding of land-use classification methods used in 

each area studied. The inventory technique used in this report is 

relatively straightforward to apply but, even so, the assembly of a 

building inventory for any metropolitan area is a difficult task. 

The method has the significant advantage of providing sufficient 

detail for damage estimation while being generally applicable 

throughout the country. Inventorying such community elements as 

utilities, public facilities, transportation systems, and so forth, 

depends on special knowledge of each area under study but it is 

possible to develop a general technique. Inventory techniques used 

in disaster preparedness studies of the San Francisco, Los Angeles, 

Seattle, and Salt Lake City areas for the Federal Disaster Assistance 

Administration of HUD could be applied to extend economic loss 

estimates to lifeline systems.

11. Three recommendations for future investigation are that:

a. Inventory methodologies and loss-intensity relationships be 

further developed in order to provide reliable dollar loss 

estimates to all building classes as well as procedures 

practical for general usage regardless of geographic location, 

b. The distribution of ground shaking and losses related to

various levels of ground shaking be treated probabilistically, 

c. Studies of losses associated with geologic effects of earth 

quakes (landslides, liquefaction, and so forth) be undertaken.
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INTRODUCTION

This is the eleventh report prepared for the Department of Housing 

and Urban Development (HUD) since 1967 that relates to the problem of 

earthquake damage. Four of these reports were prepared for HUD, Federal 

Disaster Assistance Administration (FDAA), and its predecessor, the 

President's Office of Emergency Preparedness (OEP). They discuss the 

types of losses that might occur to facilities critical to disaster 

preparedness and recovery, given certain postulated earthquakes in 

specific areas. The areas discussed are the nine-county San Francisco 

Bay region, Los Angeles and Orange Counties, California, the Puget 

Sound, Washington, and Salt Lake City-Ogden-Provo, Utah, areas (Algermissen, 

Rinehart, and Dewey, 1972; Algermissen and others, 1973; Hopper and 

others, 1975; Rogers and others, 1976). The other seven reports have 

the more general goal of the analysis of earthquake damage and the 

development of the methodology for the estimation of earthquake losses 

resulting from damage to a wide range of structures. The first of these 

seven reports (U.S. Department of Commerce, 1967) presents the results 

of an attempt to gather basic seismological and engineering data related 

to earthquake losses. The studies completed in 1969 (Steinbrugge and 

others, 1969; Algermissen and others, 1969; U.S. Coast and Geodetic 

Survey, 1969) present estimates of losses to single family dwellings in 

California for: (1) a number of postulated individual earthquakes; and 

(2) aggregate losses for several time intervals. The results of a 

conference on seismic risk assessment specifically dealing with HUD's 

interests in this area were reported on in 1972 (Algermissen, 1972).



The performance of single family dwellings in the San Fernando, California, 

earthquake of February 9, 1971, was investigated (McClure, 1973) in an 

attempt to obtain additional recent single family dwelling damage data. 

The estimation of losses to single family dwellings was updated and 

revised in a report completed last year (Rinehart, 1976). This report 

in a sense completes a cycle of study in earthquake loss estimation. It 

provides a methodology for the computation of earthquake losses to a 

wide range of buildings other than single family dwellings. It makes 

available a technique for the estimation of virtually the total losses 

to all kinds of buildings likely to occur as a result of earthquakes of 

different magnitudes. The HUD-Department of the Interior, U.S. Geological 

Survey (USGS) Interagency Agreement has also resulted in a number of 

other articles in technical journals (Algermissen, Rinehart, and Stepp, 

1972; Steinbrugge and others, 1976).



OBJECTIVE

The broad objective of this study is stated in the Detailed Work 

Program (1973) of Task I of the Department of Housing and Urban Develop 

ment-Department of the Interior Interagency Agreement: "Extend the 

basic method of loss estimation already developed to the estimations of 

losses to other residential, commercial, industrial, and high-rise 

structures in California." Methods for the estimation of earthquake 

losses to single family dwellings in California were developed in 

earlier studies. The purpose of this study is to present a methodology 

for the estimation of losses to buildings other than dwellings, to 

complement earlier studies of single family dwellings, and to provide a 

general technique for the estimation of: (1) total losses from single 

large earthquakes, and (2) average losses resulting from earthquakes 

over a period of time.

The economic loss to buildings resulting from earthquakes depends 

on three principal factors:

1. The spatial distribution and kinds of buildings exposed to ground 

shaking and geological hazards (landslides, liquefaction, surface 

faulting, and so forth). In general, the buildings must be sepa 

rated into appropriate classes and their spatial distribution 

determined in some manner.

2. The spatial distribution of earthquake shaking associated with a 

single earthquake or an ensemble of earthquakes in time.

3. The relationships between (1) and (2) that result in economic loss,



GEOGRAPHIC AREA COVERED BY THE STUDY

The decision was made to use the San Francisco Bay nine-county 1 

area (fig. 1) for the development of the methodology and as the test 

area for the calculation of losses resulting from selected single 

earthquakes and aggregate losses due to a number of earthquakes over a 

period of time. There were a number of reasons for this decision, among 

which the principal are: (1) the investigators are familiar with the 

area and consequently maximum use of their professional judgment was 

possible, (2) the area has a reasonably high seismicity, and more impor 

tantly, (3) the earthquakes that have affected the San Francisco Bay 

area have been relatively well studied.

San Francisco Bay area is considered to be made up of: San 
Francisco, San Mateo, Santa Clara, Alameda, Contra Costa, Solano, Napa, 
Sonoma, and Marin Counties.
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Figure 1.--Location map of northern California showing 
ni no-county area studied in this report.
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BUILDING CLASSIFICATION

Historical background of building classifications developed for 

insurance purposes

Two distinctly different building classification systems used by 

many insurance companies, one for the Eastern United States and another 

originally for California, have developed over the past 50 years. The 

classifications developed for California were subsequently used in all 

of the other Western States including Alaska and Hawaii. The building 

classification system used for the Western States is of most interest to 

this study since: (1) the largest volume of earthquake insurance is 

written in the Western United States; and (2) the utility of the classi 

fication system as it applies to earthquake damage has been much more 

widely tested in the Western United States than in the East.

The general form of the present insurance building classes used in 

the Western United States by major segments of the insurance industry 

was developed after the Santa Barbara, California, earthquake of June 

29, 1925, although earthquake insurance rules and rates existed in 

California in 1920 and probably for some years before then. The building 

classes developed in 1925 have been used successfully since that time 

and have been updated and changed as practices have changed. Recently 

the Insurance Services Office (ISO) has developed a new building classi 

fication system which replaces the existing eastern and western 

classifications with a single system. The new classification is largely 

based on the western classification system.

12



Building classifications used in this study

The new building classification system developed by the ISO has 

been selected with only minor changes for use in this study. The 

differences between the classification used here and the ISO building 

classification are so minor they need not be considered. The ISO 

classification was selected because it is based on classifications which 

have been used successfully in insurance work for over 50 years in the 

Western United States and because nearly all of the earthquake damage in 

the past 50 years has occurred in the Western United States (including 

Alaska and Hawaii). The classification has been tested with practically 

the complete history of damaging earthquakes in the United States in the 

past 50 years. In addition, the classification is widely used today in 

the insurance industry and is well suited to the estimation of losses as 

a function of building value. The most important reason for the use of 

the ISO building classification system in this study of the simulation 

of earthquake losses is that the system makes available to us, in a 

convenient and straightforward manner, over 50 years of industry experience 

in earthquake loss evaluation in the United States.

The building classifications used in this study are given in table 

1. Figures 2 through 8 illustrate some of the building types in the 

building classification system. The illustrations are simplified 

descriptions of the large majority of buildings that are included in 

each classification. It is important to understand that these illus 

trations, by themselves, do not necessarily allow the exact placement of 

a building within a particular subclass. The illustrations have been

13



included with the intention of allowing those who may be unfamiliar with 

the classification scheme to quickly identify and place most structures 

into a general class.

14



Table 1. Building classification used in this study

Class I-Wood frame 

Class I-A

1. Wood frame and frame stucco dwellings regardless of area and 
height.

2. Wood frame and frame stucco buildings, other than dwellings, which 
do not exceed 3 stories in height and do not exceed 3,000 sq ft in 
ground floor area.

3. Wood frame and frame stucco habitational structures which do not 
exceed 3 stories in height regardless of area.

Class I-B

Wood frame and frame stucco buildings not qualifying under Class I-A.

Class II-All-metal buildings

Class II-A

One story all-metal buildings which have a floor area not exceeding 
20,000 sq ft.

Class II-B

All-metal buildings not qualifying under Class II-A.

Class Ill-Steel frame buildings

Class III-A

Buildings having a complete steel frame with all loads carried by the 
steel frame. Floors and roofs shall be of poured-in-place reinforced 
concrete, or of concrete fill on metal decking welded to the steel frame 
(open web steel joists excluded). Exterior walls shall be of poured-in- 
place reinforced concrete or of reinforced unit masonry placed within 
the frame. Buildings shall have a least width to height above ground 
(or above any setback) ratio of not exceeding one to four. Not quali 
fying are buildings having column-free areas greater than 2,500 sq ft 
(such as auditoriums, theaters, public halls, etc.).

15



Table 1. Building classification used in this study Continued

Class Ill-Steel frame buildings

Class III-B

Buildings having a complete steel frame with all loads carried by the 
steel frame. Floors and roofs shall be of poured-in-place reinforced 
concrete or metal, or any combination thereof, except that roofs on 
buildings over three stories may be of any material. Exterior and 
interior walls may be of any non-load carrying material.

Class III-C

Buildings having some of the favorable characteristics of Class III-A 
but otherwise falling into Class III-B.

Class III-D

Buildings having a complete steel frame with floors and roofs of any 
material and with walls of any non-load bearing materials.

Class IV-Reinforced concrete, combined reinforced 
concrete and structural steel frame

Note: Class IV-A, B, and C buildings shall have all vertical loads
carried by a structural system consisting of one or a combina 
tion of the following: (a) poured-in-place reinforced concrete 
frame, (b) poured-in-place reinforced concrete bearing walls, 
(c) partial structural steel frame with (a) and/or (b). Floors 
and roof shall be of poured-in-place reinforced concrete, except 
that materials other than reinforced concrete may be used for 
the roofs on buildings over 3 stories.

Class IV-A

Buildings having a structural system as defined by the note (above) with 
poured-in-place reinforced concrete exterior walls or reinforced unit 
masonry exterior walls placed within the frame. Buildings shall have at 
least width to height above ground (or above any setback) ratio of not 
exceeding one to three. Not qualifying are buildings having column- 
free areas greater than 2,500 sq ft (such as auditoriums, theaters, 
public halls, and so forth).

Class IV-B

Buildings having a structural system as defined by the note (above) 
with exterior and interior nonbearing walls of any material.

16



Table 1. Building classification used in this study Continued

Class IV-Reinforced concrete, combined reinforced 
concrete and structural steel frame

Class IV-C

Buildings having some of the favorable characteristics of Class IV-A 
but otherwise falling into Class IV-B.

Class IV-D

Buildings having (a) a partial or complete load carrying system of pre 
cast concrete, and/or (b) reinforced concrete lift slab floors and/or 
roofs, and (c) otherwise qualifying for Classes IV-A, B, or C.

Class IV-E

Buildings having a complete reinforced concrete frame, or a complete 
frame of combined reinforced concrete and structural steel. Floors 
and roofs may be of any material while walls may be of any non-load 
bearing material.

Class V-Mixed construction

Class V-A

1. Dwellings, not over two stories in height, constructed of poured-in- 
place reinforced concrete, with roofs and second floors of wood 
frame.

2. Dwellings, not over two stories in height, constructed of adequately 
reinforced brick or hollow concrete block masonry, with roofs and 
floors of wood.

Class V-B

One story buildings having superior earthquake damage control features 
including exterior walls of (a) poured-in-place reinforced concrete, 
and/or (b) precast reinforced concrete, and/or (c) reinforced brick 
masonry or reinforced concrete brick masonry, and/or (d) reinforced 
hollow concrete block masonry. Roofs and supported floors shall be of 
wood or metal diaphragm assemblies. Interior bearing walls shall be 
of wood frame or any one or a combination of the aforementioned wall 
materials.

Class V-C

One story buildings having construction materials listed for Class 
V-B, but with ordinary earthquake damage control features.
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Table 1. Building classification used in this study Continued

Class V-Mixed construction

Class V-D

1. Buildings having reinforced concrete load bearing walls with floors 
and roofs of wood and not qualifying for Class IV-E.

2. Buildings of any height having Class V-B materials of construction, 
including wall reinforcement; also included are buildings with 
roofs and supported floors of reinforced concrete (precast or 
otherwise) not qualifying for Class IV.

Class V-E

Buildings having unreinforced solid unit masonry of unreinforced brick, 
unreinforced concrete brick, unreinforced stone, or unreinforced con 
crete, where the loads are carried in whole or in part by the walls and 
partitions. Interior partitions may be wood frame or any of the afore 
mentioned materials. Roofs and floors may be of any material. Not 
qualifying are buildings with nonreinforced load carrying walls of 
hollow tile or other hollow unit masonry, adobe, or cavity construction.

Class V-F

1. Buildings having load carrying walls of hollow tile or other hollow 
unit masonry construction, adobe, and cavity wall construction.

2. Any building not covered by any other class.

Classes VI-A, B, C, D, and E-Earthquake resistive construction

Any building or structure with any combination of materials and with 
earthquake damage control features equivalent to those found in Classes 
I through V buildings. Alternatively, a qualifying building or structure 
may be classed as any class from I through V (instead of VI-A, B, C, D, or 
E) if the construction resembles that described for one of these classes 
and if the qualifying building or structure has an equivalent damage- 
ability.
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The key to a successful building classification system is iden 

tifying the degree of damage control exercised by the structural system 

and the ease in recognizing this damage control. Damage control may 

exist by design on the part of the architect/engineer, or by accident of 

design, or by being inherent in the construction material. For example, 

an all-steel gasoline service station falls into the last category. It 

follows, then, that an appropriately written set of building classifi 

cation rules will endeavor to pick out the damage control features and 

reflect them in the classes. The building classification system given 

in table 1 follows this approach.

Costs to gather adequate building data in the field or through the 

review of construction drawings for a study such as this are hard to 

determine. The insurance industry spends millions on field examinations 

for fire insurance surveys. The cost per earthquake survey is not 

broken out, but may be roughly approximated on the basis of two build 

ings per day per engineer (without the usual corollary duties, plus 

support staff). It is estimated that an inventory determined by a 

sampling field inspection methodology, including valuations, would cost 

well in excess of half a million dollars for such a study.

Obviously, the inspection of individual buildings by qualified 

engineers would provide the optimum building inventory information. 

This is clearly feasible for small groups of buildings (or other struc 

tures or facilities of interest) but is economically unreasonable for 

the estimation of losses to buildings in areas as large as the nine- 

county San Francisco Bay area, and it would be unreasonably expensive
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even at the single-county level in metropolitan areas. Communities 

might code tax assessment forms and building permit applications with a 

uniform land-use and building classification, but no mechanism exists to 

implement such a scheme.
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BUILDING INVENTORY

Examination of existing inventory sources

The development of a suitable building inventory, with buildings 

classified as discussed previously, is an obvious necessity for loss 

estimation. Steinbrugge and Lagorio (1975) extensively reviewed pos 

sible local building inventory data sources in the nine-county San 

Francisco Bay test area. Their review was conducted in the context of 

estimating the geographical distribution of property values by specific 

building construction class and by census tract boundary. Twenty 

possible sources of building inventory data in the San Francisco Bay 

area were surveyed.

No single existing data source filled the objective, namely: the 

determination of the geographic distribution of property values by 

specified building construction class and by census tract boundaries. 

Table 2 shows qualitatively the degree to which the various data sources 

met the aforementioned objective. Costs to utilize the existing data 

without substantial interpretation, however, were invariably excessive. 

Almost all data from different sources were incompatible with each 

other, since they were usually compiled on different bases. In a few 

cases, some degree of compatibility could be achieved at varying cost.

Other methodologies were examined in addition to those accompanying 

the aforementioned data sources. None of these additional methodologies 

were suited for this study.
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Development of a building inventory for this study

The following assumptions and techniques were used to develop the 

building inventory:

1. It is assumed that a direct correlation exists between specific 

building classes and land-use designations. For example, it is 

reasonable to assume that subclass I-A wood frame buildings used as 

habitational structures and private dwellings, regardless of area, 

are primarily located in land-use areas designated as residential, 

single-family, or multi-family units. To cite another example, 

large area buildings which constitute subclass II-B all-metal 

structures are normally aircraft hangars, steel plants, major 

manufacturing facilities, or large warehouses, and accordingly are 

situated in land-use areas primarily zoned for industrial purposes. 

This assumption makes possible the determination of the geographic 

distribution of building classes throughout the study area. 

Modification of this assumption for any one building class or 

subclass was made on the basis of professional judgment.

2. All building classes are assumed to be uniformly distributed within 

their designated mapped zones. Restated, it is assumed that the 

building values for each building class are, on the average, the 

same per unit area throughout the study area. This equal distri 

bution of building value is reasonably consistent with policy 

assumed in zoning ordinances formulated by the respective county 

planning commissions and regional agencies. This assumption was 

modified when, based on professional judgment of the authors, it 

gave obviously incorrect results. In these cases, an appropriate 

judgment factor was applied to the data.
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3. Non-conforming uses are not included in the geographic distribution 

of building classes. In addition, small isolated pockets of semi- 

commercial developments in suburban areas of the Bay area, such as 

for example, Kensington, Alamo, Moraga Crossroads, Almaden Meadows, 

Orinda Village, among others, are not considered. In comparison to 

the major commercial areas tabulated, their values are relatively 

insignificant. However, insofar as possible, their values are 

included in the nearest major commercial area accounted for by a 

factor related to population distribution on the basis of the 1970 

census. In any event, visual surveys indicate that, except for the 

all-metal gasoline service stations located in these random pockets, 

the majority of these structures usually are wood frame buildings.

4. Land use data obtained from the "Atlas of Urban and Regional Change" 

(U.S. Geol. Survey, 1973) were plotted on the "Census Tract Outline 

Map," Western Economic Research Co. (1973), converting the land- 

use designations to the appropriate building class. Data compatibility 

with the respective land-use maps provided by the various county 

planning commissions was confirmed by cross-checking data sources. 

Mapped results were partially verified through data collected from 

the detailed city and street maps available for urban centers 

located in the San Francisco Bay area.

5. While detailed field inspection of individual buildings was not a 

part of this methodology, final mapping results were substantiated 

through general visual field surveys of critical areas.
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6. Special services areas found in the San Francisco Bay area, such as 

for examples, San Francisco Presidio, Port of San Francisco, 

Hamilton Air Force Base, Moffett Naval Air Field, U.S. Naval 

Magazines at Port Chicago and Concord, Oakland Army Base, Oakland 

Naval Supply Center, Nimitz Field Naval Air Station in Alameda, San 

Quentin Penitentiary, and Mare Island, among others, were not 

included in the mapping of building classes.

7. It should be noted that the data on the Western Economic Research 

map is based on the 1970 United States Census data.

8. The area within each census tract with a particular land-use code

(equated to building class) was measured using a planimeter with an 

accuracy of 0.01 percent. The area of each building class in each 

census tract was then summed to determine the total area of a 

particular building class in the nine counties considered in the 

study. The percentage of any building class in any census tract is 

then:

Area of the particular building class in the census tract .. ~ 0 
Total area of that building class in the nine-county area

Notes on inventory development applicable to specific construction 

classes

The following discussion explains in some detail the authors' 

general approach to inventory development for each building class.

Class I-Wood frame construction. Inventory methodologies for 

subclass I-A structures were developed in an earlier study (Steinbrugge
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and others, 1969; Algermissen and others, 1969), and the reader is 

referred to these references. Subsequent computational simplifications 

do not involve the size or geographical distribution of the inventory. 

Wood-frame dwellings up to and including four family occupancy were not 

considered in this study.

Subclass I-B structures consisting of large area non-habitational 

wood frame units are normally of low comparative value. Exceptions 

include sawmills (not in the study area), docks (excluded from the 

study), a few manufacturing plants of substantial value, and others; but 

their total value is comparatively small. Subclass I-B structures are 

usually related to mercantile or storage of manufactured goods and 

similar activities, and they are normally found in areas designated by 

commercial use codes. Because of low total values and wide uneven 

distribution of this subclass in comparison to other building classi 

fications, the cost-benefit precluded mapping.

Class II-All-metal construction; subclass II-A. Buildings in sub 

class II-A are customarily of light mass and include prefabricated 

structures. Another type of structure typical of subclass II-A is the 

gasoline service station. Both types of the above-mentioned structures 

are normally located in mercantile and industrial zones, and their 

distribution can be determined in proportion to the areas defined by 

such use code designations. Distribution for subclass II-A structures 

was on a 100 percent basis for mercantile areas and a reduced 10 percent 

basis for industrial zones since they are mainly located in the former 

land-use areas.
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In addition to the service stations and other small area all-metal 

buildings found in mercantile and industrial areas, a few are also 

located in a pattern of wide scatter at the intersections of streets and 

elsewhere in residential zones for the convenience of the residents in 

non-conforming use code designations. Their geographic location could 

be conveniently accommodated by distributing an additional 10 percent of 

their value throughout the study area in accordance with population 

distribution indicated by the census. The cost-benefit of this refine 

ment is questionable, and therefore this refinement was not included in 

the computational process.

The following is an example of the procedure outlined above. Table 

3 is a typical work sheet for computation of the percentage distribution 

of Class II-A structures in the nine-county area. The columns in table 

3 have the following information: 

Col. 1: County name.

Col. 2: Tract number: 1970 census tract number. 

Col. 3: 100 percent mercantile (acres): The net mercantile area

in acres.

Col. 4: Percent: A percentage determined by dividing the acreage 

in the census tract (column 3) by the sum of the total 

mercantile acreage in the study area (55,206.8 acres). 

Col. 5: 10 percent industrial (acres): After the acreage of

industrial area in the specified tract is determined, 

list 10 percent of this acreage in this column for every 

industrial tract (based on data indicating that the 

geographic distribution of this building class is
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limited to approximately 10 percent of the industrial

area).

Col. 6: Percent: Similar to column 4, except for industrial. 

Col. 7: Total: Sum of columns 3 and 5. 

Col. 8: Percent of total: Similar to column 4, except applied

to column 7. This is the percentage of the total value

of the building class located in this census tract.
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Table 3. Sample work sheet for calculation of the percentage
distribution of Class II-A structures (see text for explanation)

[Leaders (   ) indicate a very low percentage]

Area class: Class II-A 
Type: All metal construction-small buildings 
Use code areas: Industrial/mercantile

1 2

Tract 
County no.

0101

0102

0126

0154

0156

0157

0168

0226

0227

8 0230en
 H

c 0232

^ 0233c
CO

0234

0251

0257

0258

0259

0264

0309

0313

0332

3
100 percent 
mercantile 

(acres)

128.0

51.2

102.4

51.2

25.6

25.6

76.8

 

 

76.8

128.0 

128.0

76.8

102.4

51.2

25.6

76.8

51.2

51.2

51.2

4

Percent

0.23

.09

.19

.09

.05

.05

.14

 

 

.14

.23 

.23

.14

.19

.09

.05

.14

.09

.09

.09

5 6 7 8
10 percent Percent 
industrial of 

(acres) Percent Total total

128.0

51.2

102.4

51.2

25.6

25.6

76.8

12.8 .20 12.8

12.8 .20 12.8

2.56 .04 2.56 

76.8

128.0 

128.0

76.8

102.4

51.2

25.6

76.8

51.2

51.2

51.2

0.210

.080

.170

.080

.040

.040

.120

.020

.020

.004 

.120

.210 

.210

.120

.170

.080

.040

.120

.080

.080

.080

0401 25.6 .05     25.6 .040



Class II-All-metal construction; subclass II-B. Large-area all- 

metal buildings include units such as aircraft hangars, steel plants, 

large warehouses, and manufacturing facilities, which are usually found 

in industrial areas in accordance with zoning practices. Their geo 

graphic distribution was assumed to be uniform throughout the heavy 

industrialized sections in the study area. Specifically, the mapped 

areas were limited to the industrial sections designated as such by use 

codes in accordance with land-use policy established by the respective 

planning commissions. Reduction allowances were made for the large 

industrial areas which are known to contain salt ponds, and for historic 

bay margins not fully developed for industrial use. A 90 percent 

reduction factor was applied to areas known to relate to petrochemical 

plants. None were distributed to mercantile zones. The computational 

process is similar to that discussed for subclass II-A buildings.

Classes III and IV-Steel frame and reinforced concrete. The geo 

graphic distributions of buildings in classes III and IV are suffi 

ciently similar that they may be considered jointly from a mapping 

standpoint. These jointly mapped classes may be subdivided by story 

height, as follows: (1) Four stories and over; and (2) up to four 

stories.

(1) Four stories and over. Values are usually substantial for each 

building, and there are an increasing numbers of buildings approaching 

50 stories. Thus, the basic mapping assumption that values are a direct 

function of land area does not apply for high-rise buildings, and an 

alternate approach is required.
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The approach used for taller buildings is based on the fact that 

perhaps 95 percent or more of these multistory buildings are concen 

trated in a relatively few well-defined locations. For example, con 

sidering the congested sections of the metropolitan San Francisco Bay 

area, the number of buildings over eight stories was recently tabulated 

as follows 2 :

San Francisco 267

Oakland 38

San Jose 12

Berkeley 17

Palo Alto 5

As a corollary to the previous assumption, it is assumed that all 

buildings in a given city are subjected to the same ground motions a 

reasonable first approximation approach when considering averages as 

well as the fact that most lie within a short distance of each other. 

On the basis of the applicable assumptions, table 4 was updated to 1975 

from table 46 found in "A Study of Earthquake Losses in the San Francisco 

Bay Area" (NOAA, 1972). In summary, the inventory of the four-story-and- 

over buildings may be considered to be concentrated at the center of the 

high-rise district of each of the five cities listed in table 4 with the 

dollar values directly proportional to the total floor areas given in 

table 4.

2 Source: "A Study of Earthquake Losses in the San Francisco Bay Area," 
NOAA (1972), table 46, Multistory Building Inventory for 
Selected Congested Areas.
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For the purposes of this study, the center of the multistory dis 

trict of each of the five cities listed has been identified in relation 

to a census tract number as follows:

City Census tract number

San Francisco 117

Oakland 4029

Berkeley 4229

San Jose 5008

Palo Alto 5113

(2) One to four stories. The geographic distribution of these 

structures is quite scattered. They may be located in new industrial 

parks, in shopping centers, in long-established core mercantile areas, 

and many others. Mapping becomes quite difficult without field inspec 

tions. The distributions used for this class were the same as those 

used for Class V, subclasses B, C, and D. The methods used to obtain 

the distribution are similar to that discussed under subclass II-A. 

Class V-Mixed construction; subclass V-A. Dwellings of mixed 

construction having unit masonry or concrete walls are too few in number 

in the study area to be specially mapped. On the other hand, it is 

reasonable to expect that their geographic distribution will be similar 

to that for wood frame single family dwellings, and the methods used for 

subclass I-A buildings in the 1969 NOAA/HUD study could be adapted to 

this purpose. However, the adaptation was not made since the negative 

cost-benefit would be the same as it was for the 1969 NOAA/HUD study, 

and it was not done in that study for the same reasons.
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Class V-Mixed construction; subclasses V-B, C, and D. It is 

normal to find buildings associated with these subclasses located in 

somewhat restrictive fire zones and in land-use areas related to com 

mercial and industrial activity. This distribution results from the 

nature of the materials used and the higher than wood frame costs 

associated with these subclasses.

With an exception discussed in the next paragraph, subclasses 

V-B, C, and D buildings were considered to be comingled to such a 

degree that mapping would be reasonably identical among them. These 

subclasses were also distributed uniformly over the mapped areas which 

were identified by land-use for commercial and industrial activity. The 

methods used to obtain the distributions are similar to that discussed 

in detail under subclass II-A.

Class V-Mixed construction; subclass V-E. Subclass V-E includes 

buildings having unreinforced masonry of brick, concrete block, stone, 

or unreinforced concrete where loads are carried in whole or in part by 

these walls. Normally this subclass is represented in California by 

pre-1933 buildings, which are typically found in the old downtown areas 

or historic centers of the older city cores located in the metropolitan 

San Francisco Bay area, such as the old downtown areas of San Francisco, 

Oakland, Richmond, San Jose, Berkeley, and Palo Alto, among others. As 

the Uniform Building Code no longer permits this subclass of construction 

in California, such buildings are not found in the tracts developed in 

recent years, and this has been reflected in the mapping.
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There is a heavy concentration of this building type in the congested 

areas south of Market Street in San Francisco's urban core and old 

downtown section, and also in the high-density area of Oakland's city 

center. As a consequence, the results from mapping were increased by a 

factor of 3 for the mentioned areas in San Francisco and by a factor of 

2 for Oakland in order to maintain an appropriately weighted relation 

ship to the other areas. These increases also compensate for the fact 

that these areas include numerous multistory subclass V-E buildings.

Class V-Mixed construction; subclass V-F. Buildings of this sub 

class are quite rare and of small value, and they have not been constructed 

in the San Francisco area for many decades. They do not warrant special 

attention in this study.

Class VI-Earthquake resistant construction. Buildings in this 

class are structures having special damage control features. Identi 

fication requires on-site building inspections and structural analysis 

by professional engineers. Mapping would therefore require a building- 

by-building examination, which is clearly beyond the scope and resources 

budgeted for this study. Accordingly, no mapping has been attempted.
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GROUND SHAKING-LOSS RELATIONSHIPS

Introduction and definitions

The estimation of losses resulting from earthquakes requires that 

relationships be known or developed between the intensity of ground 

shaking and some measure of the degree of damage to structures by class 

of construction.

The measure of the intensity of ground shaking used in this study 

is the Modified Mercalli (MM) intensity scale (Wood and Neumannn, 1931), 

The scale in its original form may be found in table 5. Limitations of 

the scale have been discussed in a number of papers (for example 

Voight and Byerly, 1949; Richter, 1958). The development of building 

loss-MM intensity scale relationships is discussed in the following 

sections.

The percent loss is defined here to mean the average percentage 

of the total actual cash value required to fully repair in kind any 

building of a particular class experiencing ground motion represented 

by a particular degree of the MM intensity scale.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931)

I. Not felt or, except rarely under especially favorable

circumstances. Under certain conditions, at and outside 

the boundary of the area in which a great shock is felt: 

I 1 sometimes birds, animals, reported uneasy or disturbed; 

R.F. sometimes dizziness or nausea experienced;

sometimes trees, structures, liquids, bodies of water, 

may sway 'doors may swing, very slowly.

II. Felt indoors by few, especially on upper floors, or by sensi 

tive, or nervous persons. 

Also, as in grade I, but often more noticeably:

I sometimes hanging objects may swing, especially when 

to delicately suspended;

II sometimes trees, structures, liquids, bodies of water, 

R.F. may sway, doors may swing, very slowly;

sometimes birds, animals, reported uneasy or disturbed;

sometimes dizziness or nausea experienced.

III. Felt indoors by several, motion usually rapid vibration. 

Sometimes not recognized to be an earthquake at first. 

Duration estimated in some cases.

III Vibration like that due to passing of light, or lightly 

R.F. loaded trucks, or heavy trucks some distance away. 

Hanging objects may swing slightly.

Movements may be appreciable on upper levels of tall struc 

tures.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

Rocked standing motor cars slightly.

IV. Felt indoors by many, outdoors by few.

Awakened few, especially light sleepers.

Frightened no one, unless apprehensive from previous

experience. 

Vibration like that due to passing of heavy, or heavily

loaded trucks. 

Sensation like heavy body striking building, or falling

IV of heavy objects inside.

to Rattling of dishes, windows, doors; glassware and crockery

V clink and crash.

R.F. Creaking of walls, frame, especially in the upper range of 

this grade.

Hanging objects swung, in numerous instances.

Disturbed liquids in open vessels slightly.

Rocked standing motor cars noticeably.

V. Felt indoors by practically all, outdoors by many or most: 

outdoors direction estimated. 

Awakened many, or most.

Frightened few slight excitement, a few ran outdoors. 

Buildings trembled throughout. 

Broke dishes, glassware, to some extent.

V Cracked windows in some cases, but not generally.

to Overturned vases, small or unstable objects, in many in-

VI stances, with occasional fall.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

R.F. Hanging objects, doors, swing generally or considerably.

Knocked pictures against walls, or swung them out of place. 

Opened, or closed, doors, shutters, abruptly. 

Pendulum clocks stopped, started, or ran fast, or slow. 

Moved small objects, furnishings, the latter to slight

extent. 

Spilled liquids in small amounts from well-filled open

containers.

Trees, bushes, shaken slightly. 

VI. Felt by all, indoors and outdoors.

Frightened many, excitement general, some alarm, many ran

outdoors. 

Awakened all.

VI Persons made to move unsteadily.

to Trees, bushes, shaken slightly to moderately.

VII Liquid set in strong motion.

R.F. Small bells rang church, chapel, school, etc. 

Damage slight in poorly built buildings. 

Fall of plaster in small amount. 

Cracked plaster somewhat, especially fine cracks in chimneys

in some instances.

Broke dishes, glassware, in considerable quantity, also 

some windows.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

Fall of knick-knacks, books, pictures.

Overturned furniture in many instances.

Moved furnishings of moderately heavy kind. 

VII. Frightened all general alarm, all ran outdoors.

Some, or many, found it difficult to stand.

Noticed by persons driving motor cars.

Trees and bushes shaken moderately to strongly.

Waves on ponds, lakes, and running water.

Water turbid from mud stirred up.

Incaving to some extent of sand or gravel stream banks.

Rang large church bells, etc.

Suspended objects made to quiver.

VII- Damage negligible in buildings of good design and construction, 

R.F. to moderate in well-built ordinary buildings, considerable

in poorly built or badly designed buildings, adobe houses,

old walls (especially where laid up without mortar), spires,

etc.

Cracked chimneys to considerable extent, walls to some extent,

Fall of plaster in considerable to large amount, also some 

stucco.

Broke numerous windows, furniture to some extent.

Shook down loosened brickwork and tiles.

Broke weak chimneys at the roof-line (sometimes damaging

roofs).
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

Fall of cornices from towers and high buildings. 

Dislodged bricks and stones.

Overturned heavy furniture, with damage from breaking. 

Damage considerable to concrete irrigation ditches. 

VIII. Fright general alarm approaches panic. 

Disturbed persons driving motor cars. 

Trees shaken strongly branches, trunks, broken off,

especially palm trees.

Ejected sand and mud in small amounts.

Changes: temporary, permanent; in flow of springs and 

wells; dry wells renewed flow; in temperature of spring 

and well waters. 

Damage slight in structures (brick) built especially to

withstand earthquakes.

VIII+ Considerable in ordinary substantial buildings, partial 

to collapse: racked, tumbled down, wooden houses in some 

IX- cases; threw out panel walls in frame structures, broke 

R.F. off decayed piling. 

Fall of walls.

Cracked, broke, solid stone walls seriously. 

Cracks in wet ground to some extent, also ground on steep

slopes.

Twisting, fall, of chimneys, columns, monuments, also 

factory stacks, towers.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

IX. Panic general.

Cracked ground conspicuously.

Damage considerable in (masonry) structures built especially

to withstand earthquakes: threw out of plumb some wood- 

IX+ frame houses built especially to withstand earthquakes; 

R.F. great in substantial (masonry) buildings, some collapse in 

large part; or wholly shifted frame buildings off founda 

tions, racked frames; serious to reservoirs; underground 

pipes sometimes broken.

X. Cracked ground, especially when loose and wet, up to widths of 

several inches; fissures as much as a meter in width ran 

parallel to canal and stream banks.

Landslides considerable from river banks and steep coasts. 

Shifted sand and mud horizontally on beaches and flat land. 

X Changed level of water in wells.

R.F. Threw water on banks of canals, lakes, rivers, etc. 

Damage serious to dams, dikes, embankments.

Severe to well-built wooden structures and bridges, some

destroyed.

Developed dangerous cracks in excellent brick walls. 

Destroyed most masonry and frame structures, also their 

foundations.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

Bent railroad rails slightly.

Tore apart, or crushed endwise, pipe lines buried in earth. 

Open cracks and broad wavy folds in cement pavements and 

asphalt road surfaces.

XI. Disturbances in ground many and widespread, varying with

ground material.

Broad fissures, earth slumps, and land slips in soft, wet 

ground.

Ejected water in large amount charged with sand and mud.

Caused sea-waves ("tidal" waves) of significant magnitude.

Damage severe to wood-frame structures, especially near 

shock centers.

Great to dams, dikes, embankments, often for long dis 

tances.

Few if any (masonry) structures remained standing.

Destroyed large well-built bridges by the wrecking of 

supporting piers, or pillars.

Affected yielding wooden bridges less.

Bent railroad rails greatly, and thrust them endwise.

Put pipe lines buried in earth completely out of service.

XII. Damage total practically all works of construction damaged 

greatly or destroyed.

Disturbances in ground great and varied, numerous shearing 

cracks.
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Table 5. Modified Mercalli intensity scale of 1931 

(Wood and Neumann, 1931) Continued

Landslides, falls of rock of significant character, slumping

of river banks, etc., numerous and extensive. 

Wrenched loose, tore off, large rock masses. 

Fault slips in firm rock, with notable horizontal and

vertical offset displacements. 

Water channels, surface and underground, disturbed and

modified greatly.

Dammed lakes, produced waterfalls, deflected rivers, etc. 

Waves seen on ground surfaces (actually seen, probably,

in some cases).

Distorted lines of sight and level. 

Threw objects upward into the air.

^Refers to equivalent degree of intensity in the Rossi-Forel intensity 
scale, a scale in common use until 1931.
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Past and current insurance practices

As background for the discussion of ground shaking-loss relationships, 

it is instructive to review briefly the practice of the insurance industry 

in developing loss evaluation methods or rating methods. While numerous 

articles have been written on earthquake insurance in the trade press as 

well as in the scientific literature, few of them discuss in substantive 

detail the numerical basis for rating methods or loss evaluation methods. 

Loss ratios have been given by Chick (1934) and Freeman (1932). Loss 

ratios developed in 1925 to 1927 by what was then the Board of Fire 

Underwriters of the Pacific on a somewhat different classification 

system seem to be substantially higher than those given by Chick and 

Freeman, possibly due to significant differences in definitions. A 

description of the Board of Fire Underwriters of the Pacific's practices 

was written by E. W. Bannister (1927) and is worthy of review by anyone 

interested in this particular subject area.

All of the studies mentioned describe methodologies which are 

largely valid today; it is the numerical coefficients and judgment 

values which can be improved upon. Table 6 (modified from Bannister, 

1927) represents an excellent apportionment of costs for that period. 

Bannister (1927) also included a calculation sheet for rating buildings, 

which was a reasonable working tool for damage evaluation at that time. 

On the rating sheet given by Bannister there is a column labeled 

"Percent of Damage," which came from a complicated schedule listing 

over 50 components, many involving a range of judgmentally derived
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Table 6. Cost percentages of different building types as used 

in earthquake risk survey (modified from Bannister, 1927)

[R.C., means reinforced-concrete frame; S., means steel frame; leaders 

(  ), not applicable]

Percentages of total cost

Components of structure
Office 

building
Store or 

loft
Hotel or 
apartment Warehouse

Segregation           R.C. S. R.C. S. R.C. S. R.C. S. 

Foundations           5577 5599 

Structural steel frame     10    18    10    25 

Floors and roof           8    15    8    20 

Frame, floor and roof   18    33    18    45    

Walls, including exte 

rior ornamentation    12 12 8 8 10 10 9 9 

Partitions           2 2       4 4       

Trim and finish        40 40 24 24 40 40 15 15

Equipment including 
plumbing, heating, 
ventilating, electri 
cal work, but exclud 
ing elevators       13 13 16 16 17 17 10 10

Elevators            10 10 12 12 66 12 12 

Total           100 100 100 100 100 100 100 100
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values. The concept behind this complex schedule remains valid, but 

the complexity of its implementation probably was unwarranted by the 

quality of the "credits" and "charges" developed by the schedule. The 

methodology has been improved by simplifications over the years by the 

Board's successor organizations (Pacific Fire Rating Bureau and now the 

Insurance Services Office).

Methodology

The development of the loss-intensity relationships used in this 

study entailed three steps: (1) examination of loss experience in a 

number of earthquakes; (2) analysis of existing building cost data; and 

(3) integration of (1) and (2), using engineering judgment, into loss- 

intensity relationships. Because of the large number of classes of 

construction and the many construction components included in non- 

dwelling classes, the present attempt to develop loss-ground shaking 

relationships must be considered as only a first pilot effort.

(1) Actual loss experience:

Actual loss experience may exist in published or unpublished 

forms. Much of the useful loss data known has been published. 

However, substantial amounts of insurance data exist which 

cannot be easily related to classes of construction or for 

other reasons are not applicable.
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One may cite hundreds of published studies wherein some sort 

of damage estimate exists for a given intensity. This is 

particularly true for nonreinforced unit masonry and other 

non-earthquake-resistive kinds of traditional construction. 

Unfortunately, these traditional construction types are not 

relevant with respect to new earthquake-resistive construction 

in California. Additionally, they are of decreasing impor 

tance in the evaluation of the older construction types 

usually found in the long-established city core areas since 

these older structures are decreasing in number due to redevelop 

ment.

The most useful published sources are therefore found in the 

studies of the most recent earthquakes, although data extend 

ing back to the 1906 San Francisco shock still have substan 

tial value. However, a review of a number of publications 

showed that the damage data are not usually compatible. 

Further, a more detailed review of all major sources shows 

that data are far from complete for all intensities for all 

building classes. It then follows that interpolation and 

judgment must be used with the known published record of 

actual losses to produce loss values.

(2) Analysis of existing building cost data

As examples, tables 7, 8, and 9 show summaries of data col 

lected on the distribution of costs by construction component
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for construction classes III, IV, and V. These tables are 

principally applicable to current (1975) earthquake-resistive 

construction in California, except for the unreinforced brick 

walls in table 9. Tables 7, 8, and 9 do not include (a) all 

construction variants (such as walls of glass, metal, and 

precast concrete); (b) all occupancy variants (such as garages, 

mixed office-habitational, entertainment, and restaurants); 

(c) consequences of all zoning variants (such as building 

setback as a function of height, on-site parking); (d) all 

site conditions (such as difficult waterfront soil conditions 

or steep hillsides), and (e) all climatic conditions (as the 

need to insulate for temperature extremes not found along the 

California coastline). Future work requires the quality 

improvement of tables 7, 8, and 9, as well as the extension of 

these tables to include all significant variants. Unfortun 

ately, from a cost standpoint as it applies to a study such as 

this, the variants within each building class are far more 

numerous than for dwellings the class of construction con 

sidered in previous studies. The variations in the cost 

percentages among the construction components for any par 

ticular class suggest that only very approximate loss esti 

mates are possible when applying loss averages to any specific 

structure.
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(3) Loss-intensity relationships

The development of loss-intensity relationships, as previously 

pointed out, requires the integration of actual earthquake 

loss experience with current cost data. It also requires the 

interpretation of earthquake loss data and its relation to 

each class of construction in terms of the Modified Mercalli 

intensity (MM) scale.

The most important element in the development of loss-intensity 

relationships is the interpretation of actual loss experience 

(and construction component costs) in terms of the degrees of 

the MM scale. This means analysis of losses with relationship 

to MM intensity maps (isoseismal maps) prepared for recent 

earthquakes. This step essentially amounts to a more defini 

tive description of losses at each intensity level than exist 

in the original MM scale. In this sense, development of loss- 

intensity relationships for the various construction classes 

represents a further definition or refinement of the MM scale 

based on an analysis of loss experience and cost. It is 

believed that, at the present time, MM intensity maps together 

with the damage-intensity relationships developed are the best 

basis for this kind of study when used with experienced 

judgment. Indeed, it is the only basis for which extensive 

data are available.
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The MM intensities are one kind of a summary record of what 

happened in an earthquake. Additional basic observed engi 

neering loss data can be used as backup material. In any 

study of this type, "what actually happened" far outweighs a 

theoretical model which describes "what might have happened," 

if there are any discrepancies between results. Restated, 

actuality (as represented by observed effects) is the basis 

for these studies.

A review of the Modified Mercalli scale shows that the lower 

intensities are based principally on human reactions, such as 

"felt indoors by few," since other effects, such as damage, 

are minimal. The highest effects are largely measured by 

geological effects, such as broad fissures in wet ground, 

numerous and extensive landslides, and major surface faulting. 

The middle intensity range is based largely on the degree of 

damage to buildings and other manmade structures. For anal 

ysis purposes, the lower intensity limit is the threshold of 

damage, with this threshold varying with the kind of building 

as well as the kind of ground motion. The threshold normally 

includes "imaginary" damage which may decrease the actual 

lower limit by one intensity unit. By "imaginary" damage is 

meant damage which the owner/occupant believes occurred during 

the shock, but which was actually in existence before the 

earthquake. The upper intensity limit is determined by that 

intensity where ground vibration effects to buildings are
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overshadowed by geologic effects such as landsliding, fault 

ing, and failures of structurally poor ground. This upper 

limit is normally given as MM intensity IX for insurance 

practice. The cutoff at IX is somewhat arbitrary since 

vibrational effects on buildings will increase with increasing 

intensity, but become overshadowed by building damage due to 

faulting, and so forth.

Figure 9 shows some characteristic loss patterns for selected 

building classes. Consider curve nos. 1 and 2 in figure 9 

which show the characteristic damage patterns for certain 

kinds of flexible-frame multistory buildings. Both buildings 

are considered to be equally earthquake resistive from a 

design standpoint, with certain nonstructural elements being 

the only construction variable. The lower loss vs. intensity 

values are represented by a flattened curved line to repre 

sent, in part, "imaginary" losses. If the largest loss is 

less than 100 percent (such as, no collapse), then the curve 

flattens out at the top. In this case, the curve flattens, 

since increasing nonstructural damage no longer requires 

proportionate repair costs; for example, patching and painting 

may cost little more for the repair of a badly cracked wall 

as compared with a less severely cracked wall.

62



70

60

50

40

30

20

10

Class V 
Rigid & weak

Class III 
Flexible & weak

Non-structural effect 
(see text)

Classes III & IV 
Non-shear wall, flexible & 

earthquake resistive

Class V
Rigid & earthquake

MODIFIED MERCALLI INTENSITY

Figure 9. Characteristic loss M.M. intensity patterns for selected 
building classes.
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A possible effect of occupancy can be seen by comparing curve 

nos. 1 and 2 in figure 9. A warehouse or manufacturing 

structure might have a minimal number of partitions (curve no. 

2) whereas a hotel would have numerous partitions (curve no. 

1). The vertical spread between the curves represents the 

difference in loss due to occupancy-related construction. 

Significant exceptions may exist to this vertical spread 

between curves. For example, if the partitions are of a high 

value type which are subject to little damage prior to building 

collapse, then the two curves may essentially coincide. It 

should be added that these two curves are principally appli 

cable to Class II and Class IV structures which do not have 

shear walls.

Curve nos. 3 and 4 in figure 9 have the characteristic shapes 

for loss to rigid unit masonry buildings, and these curves are 

generally applicable to Class V structures as well as to some 

Class III and IV buildings. The beginning of the curves at 

low loss levels represents hairline cracks at partition- 

masonry wall intersections and similar kinds of minor damage. 

The steepness of the straight line represents brittle failure 

of the walls and/or roof-to-wall connections. Actually, for 

a specific building, the straight line could be replaced by a 

jagged line, since loss would really be a series of step func 

tions, with each step representing another brittle failure. 

Numerous acceptable variants exist.
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Curve no. 5 is representative of an older steel frame multi 

story building which is not expected to collapse despite heavy 

damage. For the lower intensities, it is quite possible that 

the steel frame building may have significantly more damage 

than a "collapse hazard" unreinforced brick bearing wall 

structure with lime mortar, but the pattern would reverse at 

higher intensities.

The pilot nature of this study precluded the determination of 

the shape of the characteristic intensity-loss curves to the 

degree shown in figure 9. As usable approximations, linear 

relationships were developed as given in figure 10. The lower 

and upper intensity limits were determined by one of the 

authors (K. V. Steinbrugge) with the advice of consultants, 

and are based on the data and engineering judgments previously 

discussed. In figure 10, percent losses from 0 percent to 10 

percent have been estimated to the nearest 1 percent. Percent 

losses above 10 percent are estimated to the nearest 5 percent
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VI VII

MM INTENSITY

IX

- 10. Modified Mercalli intensity loss relationship (by class 
of construction) used in this study. Descriptions of the various 
calsses mav be found in tables 1 and 10.
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LOSS CALCULATIONS

Objective

The objective of the loss calculations is to estimate the percent 

losses* to 24 subclasses of construction (in five classes) for: (1) a 

repetition of the historical record of seismicity in the nine bay-area 

counties, and (2) certain selected earthquakes affecting the same area. 

The notation used to identify building subclasses in loss tables and 

figures is given in table 10.

General description of the calculations

The principal steps in the loss calculations are:

(1) Establish MM intensity in each census tract in the study area

resulting from all known earthquakes 1800-1974 with I 0 >V affecting 

the study area.

(2) Calculate losses* in each census tract by class of construction 

using intensity-loss relationships (fig. 10) and inventory of 

buildings in each census tract.

(3) Calculate (a) average percentage of monetary loss for each con 

struction class in each county of the study area based on the 

geographic distribution of the building inventory as described on 

pages 28 through 42; (b) same as foregoing, except for entire study 

area; and (c) calculate (a) and (b) above for selected earthquakes 

and for various time spans using the known historical seismicity.

^Defined on p. 43.
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Table 10. Notation used to identify building classes 

and brief description of building classes

Notation used Brief description
in loss tables of building subclass

(see p. 12-25 for complete description)

2A One story all metal; floor area less than
20,000 ft 2

2B All metal buildings not under 2A

3LA Steel frame, superior damage control
features; less than 4 stories

3LB Steel frame; ordinary damage control
features; less than 4 stories

3LC Steel frame; intermediate damage control
features (between 3LA and 3LB); less 
than 4 stories

3LD Floors and roofs not concrete; less than
4 stories

3HA Descriptions of 3HA, 3HB, 3HC, and 3HD
3HB are the same as 3LA, 3LB, 3LC, and 3LD
3HC except that they designate buildings
3HD with 4 stories and over

4LA Reinforced concrete; superior damage
control features; less than 4 stories

4LB Reinforced concrete; ordinary damage
control features, less than 4 stories

4LC Reinforced concrete; intermediate damage
control features (between 4LA and 4LB), 
less than 4 stories

4LD Precast reinforced concrete, lift slab,
less than 4 stories

4LE Floors and roofs not concrete, less than
4 stories

AHA Descriptions of 4HA, 4HB, 4HC, 4HD, and 
4HB 4HE are the same as 4LA, 4LB, 4LC, 
4HC 4LD, and 4LE except that they designate 
4HD buildings with 4 stories and over 
4HE
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Table 10. Notation used to identify building classes 

and brief description of building classes Continued

Notation used Brief description
in loss tables of building subclass

(see p. 12-25 for complete description)

5B Mixed construction, see table 1

5C Do.

5D Do.

5E Do.
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Steps and assumptions in the calculations

The previous description is brief and gives the general approach 

used to simulate losses to various classes of construction. The loss 

computations depend on a number of assumptions and techniques that will 

now be discussed. 

Step 1

Intensities are assigned to all census tracts for all earthquakes 

of interest. Two techniques were used to assign intensities to 

census tracts. For earthquakes VI<I 0 <VIII, average isoseismal maps 

were used. For earthquakes I 0 >VIII, isoseismal maps were con 

structed which are based on special studies (Algermissen, Rinehart, 

Dewey, and others, 1972). Figure 11 is an example of an isoseismal 

map developed for a maximum intensity IX earthquake located on the 

San Andreas fault. The average isoseismal maps (for earthquakes 

VI<I 0 <VIII) were constructed in the following manner:

A. The average areas shaken at each intensity level were

determined for earthquakes in the San Francisco Bay area 

for which isoseismal maps are available. The same 

general approach was used in an earlier study of single 

family dwellings (Algermissen and others, 1969; Steinbrugge 

and others, 1969), and all of the intensity data used 

earlier was used together with additional new material. 

B. Isoseismal patterns were considered to be elongated in 

the direction of faulting. This is true in the San 

Francisco Bay area because earthquakes are shallow
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^ \ Fault Rupture
R7> V

'

Figure 1]. Isoseismal map for a maximum intensity IX earthquake on 
the San Andreas fault.



(<15 km) and strike-slip faulting predominates, at least 

in the larger earthquakes of most interest to this study, 

C. Using M= 1+2/3 I 0 where I 0 is the maximum MM intensity 

and M_ is the original Richter magnitude and the rela 

tionship Log L=-0.39+0.34 M^ where L is in km (developed 

for length of fault rupture vs. earthquake magnitude for 

strike slip faults (Algermissen and others, 1969)), the 

shapes of average isoseismal maps were constructed using:

A =2W L+7TW2 ( See fig. 12)
J-o J-o J-o

where A =area of maximum intensity
  -0

L=length of faulting determined from a fault 

rupture length-magnitude relationship

W =width of the zone of maximum intensity 
 Lo

for any intensity I

where A =area of any intensity I plus higher intensities 

up to I=I 0

W = width of zone of any intensity I plus higher 

intensities up to I=I 0 .

D. The orientation of the isoseismals (the strike of L in 

fig. 12) for any particular historical earthquake was 

taken to be the same as the strike of faulting in the 

San Francisco Bay area near the earthquake epicenter 

known to have been active at least during or since
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Quaternary time (Wesson and others, 1975; also see fig. 

13). The strike of L was taken parallel to the strike of 

the known faulting if the earthquake epicenter was within 

10 km of the fault. Earthquakes that could not be 

associated with specific faults were assumed to have 

circular isoseismals. Table 11 gives the values of W 

(see fig. 12) and L for elongated isoseismals and the 

radius R for circular isoseismals for all intensities 

associated with earthquakes of maximum intensity VI 

through VIII.

E. The isoseismals constructed for earthquakes I 0 =VI to VIII 

obviously average the effects of surficial materials over 

broad areas. Consequently the intensity of shaking at 

individual sites may differ considerably from the average 

intensity map. The effect of site geology was taken into 

account by digitizing and storing on magnetic tape the 

average surficial geology of each census-tract in the 

study area. Surficial geology was divided into five 

classes as shown in table 12, and the incremental inten 

sities +1, 0, -1 were either added to or subtracted from 

the intensity determined for the census tract using the 

average isoseismal map previously described. An argument 

can be made that the site corrections should be different, 

probably larger, perhaps in the range +2 to -2 degrees 

of intensity. It should be kept in mind that the
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SACRAMENTO LJ

SAN FRANCISCO

Fault with known historic movement

Fault with known Holocene movement 
(past 10,000 years)

Fault with known Quaternary movement 
(past 3 million years)

Figure 13. Faults to be active in Quaternary time (0-3 million
years before present); Holocene time (0-10,000 years before present); 
or during historic time (past 150 years) after Wesson and others (1975)
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Table 11. Parameters for construction of average

isoseismals for VI<I 0 <VIII

Maximum intensity Associated Fault length 
I 0 intensities I L (km)

VIII 58 

VII 

VI 

VII 35 

VI 

VI 20

Width 1 

W (km)

2.30 

5.90 

17.54 

3.17 

9.98 

3.95

Radius 2 

R (km)

8.00 

15.55 

30.90 

8.92 

17.84 

8.18

widths (W) and radii (R) given are to the outer limit of each 

intensity.

The radius (R) is for the circular isoseismals, which are assigned to 

earthquakes not associated with specific faults.
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Table 12. Site amplifications and classification of surficial materials

Material Intensity increment

Alluvium 1

Tertiary marine sediments 0

Pre-Tertiary marine and nonmarine sediments 0

Franciscan Formation -1

Igneous rocks -1

77



correlation between intensity and surficial geology 

(defined as a mappable geologic unit) is not particularly 

high because ground shaking depends on a number of 

factors other than the lithologic and gross physical 

characteristics used to define geologic formations. 

Additional perturbation of the average isoseismal maps to 

account for local site amplification was not considered 

to be particularly useful. At any rate, losses to 

structures were computed using isoseismal maps with site 

corrections. The isoseismal maps for larger earthquakes 

(I 0=IX and X) on the San Andreas and Hayward faults 

included the effect of the site geology as estimated from 

special studies (Algermissen and others, 1972).

Step 2

Intensities for specific earthquakes are assigned to each census 

tract in the study area. The input to the computer program for earth 

quakes with maximum intensities VI through VIII was the location of the 

earthquake, its maximum intensity, the fault system to which the earth 

quake was assigned, the coordinates of the center of population of each 

census tract, the surficial geology of each census tract. The computer 

assigns an intensity to every census tract for each earthquake including 

corrections for surficial geology.

For earthquakes with maximum intensities of IX and X, intensities 

were assigned manually to all census tracts.
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Step 3

Percent losses for each year are computed and stored on magnetic 

disk. The percent losses are computed using the intensities for each 

census tract, the loss curves shown in figure 10, and the inventory of 

buildings in each census tract.

Step 4

The result of this step is a data set that contains tables for each 

year that an earthquake occurred. Each table contains the losses in 

each building subclass for all nine counties. This step in the analysis 

permits examination of the losses in any given year and the contribution 

of any particular year to total losses over various periods of time.

Step 5

A final group of computer programs uses the data set from Step 4 to 

compute average percent losses for a wide range of earthquake input 

data. Examples are average yearly percent losses based on earthquake 

input data from 1 to 175 years in yearly increments, and moving yearly 

average losses based on 5 to 15 year samples of earthquake data. 

These results are discussed in the following section.
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LOSS ESTIMATES

Introduction

All percent losses were computed using the historical record of 

earthquakes from 1800 through 1974 with maximum Modified Mercalli inten 

sities VI-X in the nine-county study area. A list of these earthquakes 

may be found in table 13.

Average Annual Percent Losses

Average percent losses per year for the 24 building subclasses were 

computed using four different time spans of seismicity:

(1) 1800-1974 (175-year average)

(2) 1800-1899 (100-year average)

(3) 1900-1974 (75-year average)

(4) 1907-1974 (68-year average)
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The above average percent losses were computed for:

(1) Each building subclass for each county. This means the loss 

in percent of the cash value of all buildings of a particular 

building subclass in each county (tables 14-17). Some of 

these results are displayed in figure 14.

(2) Each building subclass for the nine-county area (table 18). 

This means the loss in percent of the cash value of all 

buildings of a particular subclass in the nine-county study 

area. Some of these results are displayed in figure 15.

Three other different types of average percent losses were also 

here computed.

(1) Annual average losses computed using a 10-year moving time 

filter (figs. 1-24, appendix A). An example for building 

subclass IIA for filters of 5, 10, and 15 years is shown in 

figure 16. The average loss plotted at year Y is

LY+LY-l'" LY-n+l 
Average loss =             

and n is the number of years considered.
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Figure 15. Average annual percent losses in the nine-county study 
area for several different time spans of historical seismicity 
for selected subclasses.
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(2) Average annual percent losses computed using seismicity data 

samples from 1 to 1,000 years in length in yearly increments 

(figs. 17-40). This means that losses were averaged first for 

one year of seismicity (1800), then two years (1800 and 1801), 

then three years (1800, 1801, 1802) and so on up to 175 years 

(a seismicity record of 175 years, 1800-1974). The seismic 

history was then repeated starting with 1800 again. Thus, the 

average loss for 200 years would be:

Sum of annual losses 1800-1974 plus the sum of annual losses 1800-1824
200

Therefore the 1,000-year seismicity record was simulated by repeat 

ing the 175-year historical seismicity 5.71 times. Table 19 gives the 

average annual percent losses for each subclass obtained from the 1,000- 

year simulated seismicity record discussed above.
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Table 19. Average annual percent losses for each building subclass

obtained from the 1,000-yr simulated seismicity record

Building subclass

2A

2B

3LA

3LB

3LC

3LD

3HA

3HB

3HC

3RD

4LA

4LB

4LC

4LD

4LE

4HA

4HB

4HC

4HD

4HE

5B

5C

5D

5E

Annual percent loss

0.12

.15

.15

.78

.18

.78

.22

.46

.28

.46

.18

1.12

.78

1.34

1.23

.28

.66

.46

.79

.74

.18

.78

1.01

1.44
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Simulated Losses Individual Earthquakes

Percent losses were simulated for nine individual earthquakes. 

Five of these earthquakes were located on the San Andreas fault with 

their epicenters located at the epicenter of the 1957 Daly City earth 

quake. Percent losses were computed for simulated earthquakes having 

maximum intensities of X, IX, VIII, VII, and VI. The remaining four 

simulated earthquakes were located on the Hayward fault at the approxi 

mate epicenter of the 1868 (maximum intensity IX) earthquake on the 

Hayward fault. Percent losses were computed for earthquakes having 

maximum intensities of IX, VIII, VII, and VI with identical epicenters 

on the Hayward fault. The results appear in tables 20 through 28. 

Losses to selected building subclasses in a few representative counties 

are shown in figures 41 through 44.
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DISCUSSION OF RESULTS

Seismicity

The seismicity used in this report is the known historical earth 

quakes in the study areas from 1800 through 1974. The seismicity 

becomes progressively less well known going back into the 19th century. 

Large shocks (magnitude 7 and above) are probably completely known for 

the entire period; earthquakes of lesser magnitude are completely known 

for progressively shorter periods of time, as the magnitude decreases, 

until a magnitude threshold is reached below which earthquakes are not 

located even at the present. Thus use of the historical record for 

1800-1974 will always result in loss estimates that are too low for 

the period considered. This is one reason for computing average earth 

quake losses using shorter (and more recent) segments of the seismic 

history. The disadvantage of using shorter segments of the seismic 

history is that large shocks are less well represented in the seismicity 

record, because their recurrence times are long compared with the 

recurrence times of small earthquakes.

For one set of results, the 175-year seismicity record was repeated 

a sufficient number of times (5.71 times) to permit the computation of 

average losses over a long period of time 1,000 years in this parti 

cular case. The basic assumption is that the future seismicity of the 

area will be the same as the past. This is a reasonable assumption, 

the principal difficulty being the uncertain recurrence intervals of 

the larger shocks.
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Losses-Individual Earthquakes

Figures 41-44 show selected results for earthquakes on the San 

Andreas and Hayward faults. Losses to all building subclasses may be 

found in tables 20-28. Consider the losses resulting from an intensity 

X earthquake on the San Andreas fault equivalent to an earthquake of 

the 1906 San Francisco type. Table 20 shows that San Francisco, Alameda, 

and Santa Clara Counties show losses to all building subclasses. This 

is a result of the presence of all building subclasses in these counties 

plus their proximity to the area of strong ground shaking. It is inter 

esting to compare percent losses to subclass 3HB structures (steel frame 

four stories and over with ordinary damage control features) in San 

Francisco County with losses to dwellings resulting from the simulation 

of the same earthquake in an earlier study (Rinehart and others, 1976).

Table 29 shows the distribution of subclass 3HB buildings by 

county. The percent loss of 3HB buildings in the nine-county area from 

an earthquake of maximum intensity X on the San Andreas fault is (from 

tables 20 and 29):

12.2 percent x 12.5 percent (Alameda County)+

17.5 percent x 85.5 percent (San Francisco County)+

17.6 percent x 2.0 percent (Santa Clara County)=16.8 percent 

The percent loss to dwellings for the same earthquake was estimated to 

be 3.0 percent (Rinehart and others, 1976, table 16, p. 52). Similar 

comparisons can be made between other classes of structures.
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Table 29. Distribution of subclass 3HB buildings by county

County

Percent of
structures

in study area

Percent of value
(such as 

floor area)

San Francisco 

Alameda 

Santa Clara

85.5

12.5

2.0

86.8

12.0

1.2
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Figures 41-44 display the nature of the losses incurred in larger 

earthquakes on either the San Andreas or Hayward faults. In general, 

percent losses for all subclasses are larger than for single family 

dwellings investigated in earlier reports (Rinehart and others, 1976). 

Percent losses to certain subclasses appear to be larger in the East Bay 

area, Alameda County, than in San Francisco. This probably results from 

the proximity of the Hayward fault plus large areas of relatively 

unstable ground in the industrial areas of the East Bay area. It should 

also be noted that a fairly sharp break in percent losses occurs between 

the maximum intensity VIII and IX levels.

Average percent losses

Figure 14 shows percent losses in San Francisco County for selected 

subclasses computed using four different time spans of seismicity data. 

Note that for the most part the average losses are highest when the 

seismicity for the 100-year period 1800-1899 is used. This is a con 

sequence of the three large earthquakes that occurred during this 

period (in 1838 on the San Andreas fault; in 1836 and 1868 on the 

Hayward fault). The average losses derived from the seismicity in the 

time span 1907-1974 (68 years) is the lowest of the averages shown. 

This low average occurs because no large earthquakes have occurred in 

northern California since 1906.
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Figure 15 shows losses to selected subclasses for the entire nine- 

county study area. Note that certain subclasses show slightly decreased 

losses for the 100-year span while the balance of the structures show an 

increase. This is a consequence of the site geologic effect and the 

wider distribution (particularly in the East Bay area) of 4L and 5 

subclasses.

Figure 16 shows average losses for subclass 2A computed by using 

losses averaged over 5, 10, and 15 years. The average is a moving 

average computed by summing losses for the year in question plus the 

preceding 4, 9, or 14 years and dividing by 5, 10, or 15 to obtain the 

required average. The predictive value of this type of average is low, 

as might be expected, and it has essentially no helpful insurance 

information. This may be seen by examining the averages just prior to 

the large earthquakes of 1836, 1838, 1868, and 1906.

A much more instructive and useful presentation of average percent 

losses may be found in figures 17-40 and table 19. These are average 

percent losses computed using seismicity data for from 1 to 1,000 years 

as previously described. Examination of these curves shows that as the 

time span of seismicity data increases the average losses converge to a 

relatively constant average loss. The averages are, of course, computed 

on the basis that the seismicity of the area repeats itself every 175 

years. Even if this is a valid assumption, the averages are slightly 

low because of the incompleteness of the historical seismic record in 

the 19th century. The average losses converge to a more or less con 

stant value for time intervals greater than about 300-500 years.
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Averages based on 300 years or greater suggest reasonable long-term 

percent losses. The peak losses for each subclass of buildings, which 

are shown for short time base averaging,probably approach the maximum 

percent losses per class likely to be experienced in any 1- to 5-yr 

period. Comparison of the average annual percent losses in table 19 

with the average annual percent losses based on four selected time 

samples of seismicity (1800-1974, 1800-1899, 1900-1974, and 1907-1974) 

found in table 18 show that the results of table 18 do not represent 

long term trends very well.

All of the averages computed, with the exception of the long term 

1,000-yr averages, are erratic and not representatives of long losses. 

The 10-yr average losses are less erratic since 1906 simply because 

large earthquakes have not occurred in the San Francisco Bay area since 

1906. There is considerable reason to believe that this condition will 

not continue in the future and that highly variable annual losses will 

again appear.

Losses associated yjith geologic effects

Losses associated with geologic effects such as landslides, lique 

faction, surface faulting, and so forth, were not estimated in this 

study. They are, however, believed to be a small proportion of the 

total losses. An earlier study (Algermissen, Rinehart, Dewey, and 

others, 1972) showed that losses to single family dwellings from surface 

faulting in the San Francisco Bay area would be no more than 5 percent 

of the total losses. Since buildings larger than single family dwellings 

are normally more carefully engineered than single family dwellings
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(particularly with regard to site selection), one would expect that few 

large buildings would be sited on active fault traces. Losses asso 

ciated with landsliding are difficult to estimate because of the effects 

of rainfall, evaluation of landslide potential, and so forth; but in the 

aggregate, losses associated with landslides are likely to be less than 

one fourth of the total losses. Losses associated with liquefaction are 

also difficult to estimate because of the problem of identifying those 

areas that may fail. Once again, the losses resulting from liquefaction 

are believed to be small compared to the total losses. There is little 

question that the major losses are associated with ground shaking 

(Algermissen, Rinehart, Dewey, and others, 1972).

Extension of the methodology to other areas

In general, the applicability of the methodology developed here to

areas other than the nine-county San Francisco area will depend on the

following:

Inventory The method used to obtain inventory in this report is 

transferable if (1) the building classification remains valid, and 

(2) if the area in question uses a land classification scheme 

similar to the one in the San Francisco area. Building design and 

construction practice in any area to which this methodology is to 

be transferred must be carefully evaluated.

Loss-ground shaking relationships Loss-ground shaking relation 

ships (M.M. intensity) will remain approximately the same if the 

building classification used here remains valid in the new area 

where the methodology is to be applied. In the Eastern United
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States, design and construction practice are, in some instances, 

different than in the present study area. Sound engineering judg 

ment must be used to modify the loss-ground shaking relationships 

to take these differences in design and construction practice into 

account.

The Modified Mercalli scale as a measure of ground shaking More 

quantitative measures of ground shaking derived from records of 

strong ground motion are still quite rare outside of California. 

Despite its flaws and limitations, the M.M. scale still provides a 

measure of ground shaking that is widely available for historical 

earthquakes that have occurred throughout the United States.
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APPENDIX A

Average losses for various classes of construction are computed 

using the preceding 10 yr of historical earthquake history in the 

San Francisco Bay area are presented in this appendix. The losses 

are computed yearly. For example, the average losses for the period 

1911-1920 are plotted for 1920.
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